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Messages for farmers
•

For rain-fed pasture maximum pasture utilisation in each growing season was achieved by
applying 1 kg nitrogen per ha per day.

•

Grazing management is critical in making effective use of nitrogen fertiliser. Reducing the time
between grazings as pasture growth rates increase following a fertiliser nitrogen application
prevents the pasture from fully expressing its growth potential.

•

To ensure maximum use of applied nitrogen fertiliser for pasture production graze pasture
when ryegrass plants have 3 leaves per tiller.

•

Delaying grazing from 2 to 3 leaves can increase utilisation of annual pastures by 20%. In
irrigated perennial pastures this was not achieved, most probably due to crown rust infestation
over summer.
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What did we learn about nitrogen in Greener Pastures?
We undertook three main studies during the Greener Pastures project:
1. From mid 2005 to late 2008, a farming systems study was undertaken with five rates of
nitrogen fertiliser as the main treatment. This study will be referred to as the ‘nitrogen response
farmlets’.
2. From 2006 to 2008 a series of smaller ‘supporting’ studies were completed to investigate how
grazing management influences the pasture production gains from nitrogen fertiliser. This will
be referred to as the ‘nitrogen by growth-stage study’.
3. From early 2009 to early 2010, a farming systems study was undertaken to investigate the
potential to increase pasture utilisation by delaying grazing based on the leaf stage of the
ryegrass plant. This study will be referred to as the ‘leaf-stage farmlets’.

Nitrogen response farmlets

cows when annual ryegrass pastures were topdressed with one of five rates of nitrogen fertiliser
(0 to 2 kg/ha/day; see Table 1).

From mid 2005 to late 2008, a farmlet study was
conducted at Vasse Research Centre (VRC) in
the south-west of Western Australia (WA), to
compare the performance of pasture and dairy

Each farmlet was a self-contained independently
managed ‘mini-farm’, with its own paddocks and
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cows. Cows were milked and fed separately.
Pasture was rain-fed and predominantly annual
ryegrass with some subterranean clover.
Rotational grazing was used, where readiness to
graze was determined by the number of ryegrass
leaves regrown since the last grazing. Grazing
occurred between 2 and 3 leaves, depending on
the time of year.

Nitrogen fertiliser was applied each time a herd
left a paddock after grazing. The amount applied
was based on the number of days since the last
grazing multiplied by the nitrogen level for the
farmlet (0 to 2.0 kg/ha/day). For example, if it
had been 30 days between grazing for a Farmlet
2 paddock, then 15 kg/ha of nitrogen would be
applied (30 days x 0.5 kg/ha/day).

Table 1. Stocking rates, nitrogen fertiliser use and pasture utilisation for each farmlet averaged for 2006,
2007 and 2008.
Nitrogen
Response
Farmlet*

*

Target N
Actual N
Stocking rate
fertiliser level
fertiliser used

Pasture
utilised

Nitrogen
response

kg/ha/day

cows/ha

kg/ha/yr

t DM/ha

kg pasture/kg N

1

0

1¼

0

5.0

-

2

½

1½

89

5.9

10

3

1

1¾

176

7.6

15

4

1½

2

247

7.2

9

5

2

2¼

343

7.4

7

20 autumn-calving cows per farmlet.
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What did we find?

measure pasture utilised and milk production
when comparing nitrogen fertiliser rates, as
has been done in the Greener Pastures work
presented here.

In all years, pasture utilisation peaked when
1.0 kg nitrogen per ha per day was applied.
Increasing the amount of nitrogen fertiliser
beyond this level did not increase pasture
utilisation any further (see Table 1). Nitrogen
response (kg pasture utilised per kg of nitrogen
applied) also peaked at an application rate of 1.0
kg/ha/day.

Milk production per cow was similar across all
farmlets at around 506 kg of milk fat and protein
per year. Milk production per hectare increased
as the nitrogen fertiliser level increased, due
to the higher stocking rate as nitrogen fertiliser
levels went up (Figure 1). However, pasture
utilisation did not increase for Farmlets 4 and 5
(compared to Farmlet 3; see Table 1), and the
additional milk produced came from purchased
pasture silage and grain.

In this study, pasture utilisation is pasture
actually consumed by the cow (both directly
as grazed pasture and indirectly as conserved
pasture). Pasture growth, which is not reported
here, simply measures the amount of pasture
available to the cow. Many nitrogen trials
demonstrate increased pasture growth with
additional nitrogen fertiliser, but then fail to
address how this pasture is utilised and how
it affects animal production. It is important to

7

Annual production milk fat + protein
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Nitrogen by ‘growth-stage’
study
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Figure 1. Milk
fat + protein
production per
cow and per
hectare, as
nitrogen fertiliser
increased
from 0 to
2.0 kg/ha/day
averaged for
2006, 2007
and 2008.

Results from our ‘nitrogen by growth-stage study’
will be used to highlight this point.
In this study we used irrigated perennial ryegrass
grown in pots, to compare the performance of
pasture when top-dressed with one of two rates
of nitrogen fertiliser and harvested at one of
three leaf stages over a period of 20 weeks from

A major conclusion from the Greener Pastures
study is that nitrogen fertiliser and its influence
on pasture production cannot be maximised
without also adjusting grazing management,
in particular rotation speed, as these two are
closely linked and interact.

Jan-May 2007 (see Table 2).
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What did we find?

Let’s go back to 2½ leaves. Think of a paddock
grazed at 2½ leaves, where nitrogen fertiliser is
increased from 1 kg to 2 kg/ha/day. The growth
rate will increase from 61 to 95 kg DM/ha/day or
by 56%, provided that grazing is maintained
at 2½ leaves.

With cutting at 2½ leaves, increasing fertiliser
nitrogen from 1 to 2 kg/ha/day increased the
growth rate from 61 to 95 kg DM/ha/day, which
is an extraordinary response of 34 kg DM/kg
nitrogen. The additional fertiliser increased the
growth rate by a more modest 29 and 23 kg/ha/
day for the more frequent cutting rates.

However, what often happens on farms is that,
due to the increased growth rate, the paddock is
grazed earlier because it looks ‘ready’ earlier.

Table 2. Effect of nitrogen fertiliser rate (1 or 2 kg/ha/day) and frequency of cutting on growth rate of
irrigated perennial ryegrass grown in pots over 20 weeks of summer and autumn.
Frequency of cutting

Mean pasture growth rate (kg DM/ha/day)

Pasture response
(kg pasture DM/day)

1 kg N/ha/day

2 kg N/ha/day

1.5 leaves regrown

48

71

23

2.0 leaves regrown

49

78

29

2.5 leaves regrown

61

95

34
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If this happens at 2 leaves, the average growth
rate achieved would have been 78 kg DM/ha/
day, not 95 kg DM/ha/day. This reduced the
response to the extra kg of fertiliser (per ha per
day) from 34 to 17 kg DM/kg nitrogen.
If the paddock is grazed earlier still, at 1½ leaves
(which can be the case for irrigated perennial
ryegrass in summer), the average growth rate
achieved would be 71 kg DM/ha/day, instead of
95 kg DM/ha/day. This reduced the response
from 34 to 10 kg DM/kg N. Most of us would
think little of it as 10 kg DM/kg nitrogen
seems quite acceptable. But we could have
had a response of 34 kg DM/day/kg nitrogen
if the time between grazing had not
been shortened.
Consider the irony of this situation! We apply
extra nitrogen fertiliser with the primary goal of
increasing pasture growth. Then, in response
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to the increased growth, we shorten the time
between grazing so that we graze at 2 leaves per
ryegrass tiller, or even earlier. This suppresses
pasture growth because it does not let the
ryegrass plant develop its biggest (third) leaf.
We’ve incurred the cost of extra nitrogen fertiliser
to increase pasture growth but then do not
allow the pasture the time to express its growth
potential.

Nutritional balance of ryegrass
The argument against grazing at the 1½ -2 leaf
stage does not end here. The nutritional balance
of ryegrass at 1½ -2 leaves is much less suited
to the dairy cow than ryegrass with 2½ or 3
leaves. The difference is not in metabolisable
energy (ME) content, but in protein and sugar
content which are important for rumen health and
cow health. Pastures grazed at 1½ leaves had
insufficient fermentable sugars to allow rumen

C

Leaf-stage farmlets

microbes to use the high pasture protein levels.
In the rumen, the excess protein is converted
to ammonia which then needs to be converted
to urea and excreted in urine. This metabolic
process requires energy, which reduces
production and/or body condition and may also
negatively affect cow fertility.
Furthermore, ryegrass cut at 2½ leaves over 20
weeks had a greater root mass and tiller density
at the end of the study than ryegrass cut at 1½
leaves. This could explain anecdotal reports that
pastures that are consistently grazed at the 2½
- 3 leaf stage, rather than the 1½ - 2 leaf stage,
with regular nitrogen applications, respond better
to irrigation and rainfall and are generally more
vigorous when conditions for growth are less
than ideal.
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So does delaying grazing from the 2 to 3 leaf
stage provide a real productivity boost on farm
when nitrogen is applied at the recommended
rate? This was tested using two farmlets run side
by side, each with 40 cows with access to 9 ha
of dryland annual ryegrass and 8 ha of irrigated
perennial ryegrass. Nitrogen fertiliser was
applied at approximately 1 kg nitrogen per ha
per day of growing season, although this varied
with seasonal conditions. As with the nitrogen
response farmlets described above, the herds
were run as separate ‘farms’. The results are
shown in Table 3.

C
Table 3. Pasture utilisation and pasture quality for annual and perennial ryegrasses in farmlets that were
grazed at 2 or 3 leaves per tiller.
Ryegrass

Annual Ryegrass

Perennial ryegrass

Grazing stage

2-leaf

3-leaf

2-leaf

3-leaf

Growing season (months)

6

6

12

12

Pasture height at grazing (cm)*

10

13

9

11

Pasture use (t DM/ha)

7.0

8.4

11.7

12.6

Pasture metabolisable energy
(MJ/kg DM)

12.3

12.5

11.7

11.8

Pasture crude protein (%)

19

20

20

18

Pasture neutral detergent fibre
(%)

51

52

52

51

*

Pasture residuals were maintained at 5cm for both groups.

For both annual and perennial ryegrass, delaying
grazing until 3 leaves had regrown had no impact
on pasture quality, measured as metabolisable
energy, crude protein or neutral detergent fibre

12

content. However, delaying grazing till the 3 leaf
stage resulted in an additional 20% of annual
pasture utilised by the cows. The corresponding
increase for perennial ryegrass was only 7%,

C
but the irrigated pasture grazed at 3 leaves was
heavily infested with crown rust over summer,
which may have reduced pasture production.
We suspect that this was in part caused by the
need to irrigate our pasture every day, owing to
the low moisture-holding capacity of our sandy
soils. This may be an obstacle to 3 leaf grazing
over summer on sandy soils that require frequent
irrigation, but may not be a problem for heavier
soil types that require less frequent watering.
Further work needs to be undertaken to assess
this.
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Background Reading
Nitrogen use on Australian dairy
farms
Nitrogen fertiliser use on Australian dairy farms
has increased rapidly over the past 20 years,
as it has been perceived as an important input
to increased pasture production. ABARE farm
survey data indicate that the use of nitrogen
fertiliser by dairy farmers increased nearly 4-fold
from 15,000 tonnes in 1990 to 58,000 tonnes
(value approximately $45 million) in 2003.
More recently, in surveys of dairy farm
performance in Western Australia, average
nitrogen fertiliser use increased from 33 kg/ha
in 1999 (range 0-131 kg/ha) to 122 kg/ha (range
0-374 kg/ha) during the period 2005-2008. This
was associated with an increase in pasture use
from 4.1 (1999) to 5.3 t DM/ha/year (2005-2008;
Figure 2).

C

y= 3.78 + (0.0124 x N)
R2 = 0.38

Pasture use (t DM/ha/year)

10
9
8
7
6
5
4
3

1999
2005—2008

2
1
0
0

100

200

300

400

N fertiliser applied (kg/ha/year)
Figure 2. Relationship between nitrogen fertiliser application and pasture utilisation for Western
Australian dairy farms in 1999 (n=78; source DAFWA) and 2005-2008 (n=115; source Red Sky
Agricultural).
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There is an implicit assumption in much thinking
about pasture-based dairy production that
more nitrogen fertiliser = more pasture = more
milk = more profit. However, industry data from
Australia and New Zealand show that there is a
poor relationship between nitrogen fertiliser use
and operating profit on dairy farms. An example
of this poor relationship for Western Australian
dairy farms is shown in Figure 3. Similar results
were reported from New Zealand, where it was
found that application of nitrogen fertiliser to
increase pasture growth was poorly related to
both milk solids production and farm profit.

The information presented in Figure 2 shows
that, on average, each additional kg of nitrogen
fertiliser increased pasture utilisation by 12.4
kg. The results also highlight the large variation
between farms. Some farms used 20 to 50 per
cent more pasture than average, while using
comparatively modest quantities of nitrogen
fertiliser. This demonstrates an important
opportunity for many dairy farmers to increase
pasture utilisation through better grazing and
fertiliser nitrogen management, without the
expense of extra nitrogen input.
Also evident from the range of pasture use at
a single nitrogen application rate is the large
variation in efficiency of nitrogen use on dairy
farms. It is important to understand the reasons
for this highly variable response to nitrogen
fertiliser, particularly the poor responses
apparent on many farms.

The data shown above indicate that there is
considerable potential to improve return on
investment in fertiliser nitrogen through more
efficient use to capture genuine productivity
gains.

15
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Operating profit ($/ha/year)

$3,000
$2,000
$1,000
$0

y= 2.89 + 2.84x
R2 = 0.05

-$1,000
-$2,000
0

50

100

150
200
250
N fertiliser use (kg/ha/year)

300

350

400

Figure 3. Relationship between nitrogen fertiliser application and annual operating profit for 115
Western Australian dairy farms between 2005 and 2008 (source Red Sky Agricultural).
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Cows dramatically change the
nitrogen cycle in pastures

account will tell us little about the real responses
of dairy pastures to nitrogen fertiliser.

Measuring pasture responses to applied nitrogen
fertiliser is simpler and cheaper than measuring
animal production responses. Consequently,
numerous field experiments at different sites and
years have been undertaken to measure pasture
production responses to applied rates of fertiliser
nitrogen. These have shown that ryegrass still
responds to nitrogen applications at over 600 kg/
ha/year.

Table 4 shows the range in experimental
methods that are used to investigate nitrogen
fertiliser response in dairy production. It
highlights some of the short-comings of the
simpler approaches. Those experimental
methods that do not involve cows (pots and
mowed plots) greatly reduce the true cycling of
nitrogen through soils, as they do not involve
the return of cow urine to pasture. Experimental
methods that involve a single herd of cows
grazing all nitrogen treatments do return cow
urine to pasture, but urine with a nitrogen content
that is too high for the low-nitrogen fertiliser
treatments and too low in nitrogen for the highnitrogen fertiliser treatments. Only in farmlet
studies with separate herds of grazing animals
for each level of nitrogen fertiliser can the effect
of the recycling of nitrogen through urine back to
pasture be properly taken into account.

While pasture is relatively efficient in taking up
fertiliser nitrogen, experiments have shown that
dairy cows and other grazing animals are highly
inefficient in using dietary nitrogen. Grazing
ruminants typically excrete 75-85 per cent of the
total nitrogen consumed in urine and manure.
Much of the nitrogen lost from grassland
production systems is derived from animal urine.
Experiments which do not properly take this into
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Studies that have adopted the most
comprehensive experimental methods (ie
farmlets) show that less nitrogen is required

to maximise pasture utilisation and milk
production than would be needed to
maximise pasture growth.

Table 4. Experimental methods used to investigate nitrogen fertiliser responses in dairy production,
ranked by their ability to accurately account for the nitrogen cycle on dairy farms.
Experimental
method

Complexity and
cost of method

Pasture grazed
by cows

Cow urine
reflects pasture
N treatment

Accurately
reflects N cycle
on farms

Pots

Low

No

No urine at all

No

Mowed plots

Low

No

No urine at all

No

Grazed plots
(common herd across
all N levels)

Medium

Yes

No

No

Farmlets (individual
herds for each N level)

Very high

Yes

Yes

Yes
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Less nitrogen is required for
animal production than pasture
production
Early work from Queensland in the 70’s and 80’s,
with sub-tropical dairy pastures, concluded that
for nitrogen fertiliser use to be more profitable
than a grass-legume system, a higher stocking
rate was needed. Optimum economic responses
occurred somewhere between 150-300 kg of
nitrogen per ha per year.
Based on grazed-plot studies in the late 1990’s
in south-western Victoria, it was concluded that
application of 75 to 225 kg per ha nitrogen in
autumn and winter (split over three applications),
was cost-effective. The cost of extra pasture
grown, based on urea prices at the time, ranged
from 6 to 12 cents per kg DM. However, these
calculations appear to have assumed that all
additional pasture grown was grazed directly
by cows, rather than used for conservation in

19

spring which would have increased cost. Also, in
these studies a common herd of (dry) cows was
used to graze all nitrogen treatments, thereby
distorting the recycling of urinary nitrogen to
pasture.
A detailed farmlet study in New Zealand in the
mid 90’s also concluded that higher stocking
rates were needed to fully utilize the extra
pasture grown as fertiliser applications increased
from 0 to 200 to 400 kg nitrogen per ha per
year. However the extra pasture used resulted
in only a small increase in milk production per
ha. Also, the highest nitrogen level (400 kg) was
no more profitable than the medium level (200
kg), which itself was only a little more profitable
than the nil nitrogen treatment. There were two
main reasons for this. Firstly, much of the extra
pasture grown with additional nitrogen fertiliser
was made into conserved forage in spring, rather
than grazed directly, thereby increasing cost.

C

Role of nitrogen in plants

Secondly, the higher stocking rates meant that
purchased feeds had to be used at times of the
year outside the peak growing season, thereby
again increasing cost. The conclusion from this
work was that a level of fertiliser use of over
100-200 kg nitrogen per ha per year could not
be justified on either economic or environmental
grounds.

Nitrogen is a component of amino acids and
proteins required for plant growth and function.
Nitrogen is essential for photosynthesis, in
which solar energy is used to provide energy for
chemical reactions in plants.

Our own Greener Pastures work also shows
that high rates of nitrogen fertiliser do not lead
to commensurate increases in milk production.
Based on analyses of our data undertaken so far,
0.5-1.0 kg nitrogen/ha per day is likely to be most
profitable. This rate is likely to vary depending
on the monthly variation in average pasture
growth rates across the growing season. This
is presently being determined from the Greener
Pastures data and results and conclusions will
be published in a future Bulletin in this series.
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Soil nitrogen
Mineralisation
Greater than 98% of nitrogen in soils used for
high-rainfall or irrigated pastures is organic.
However, plants can only take up inorganic
ammonium and nitrate forms of nitrogen from
soil. Soil organisms decompose (physically
and chemically process) soil organic matter
to release nutrients into soil solution for plant
uptake, a process known as mineralisation.

C
Mineralisation of all nutrients from soil organic
matter, including ammonium and nitrate,
occurs during the whole growing season, but
does vary due to many factors. It requires
adequate soil moisture and it increases with
increasing temperature whereas it decreases
in waterlogged soils. Pastures often ‘greenup’ in spring due to increased mineralisation
of nutrients from soil organic matter, as soil
temperatures increase and waterlogging
of soil reduces. The rate of mineralisation
decreases as soils acidify (see below), but is
increased by aeration of soil. Cultivation of soils
usually stimulates mineralisation. The rate of
mineralisation also varies with the type of organic
matter present in soil. Soil organic matter ranges
from lignified compounds, which are mineralised
slowly, to recently added high-nitrogen residues
derived from clover (leaves, stems, roots) which
are more rapidly mineralised.
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Losses through volatilisation
Ammonium is the first form of nitrogen
mineralised from soil organic matter. Also, urea
in urine patches, or applied as urea fertiliser, is
rapidly converted to ammonium. Ammonium can
also be applied directly to soil as ammonium
fertilisers (e.g. ammonium sulphate). Ammonium
can be converted to ammonia gas which
escapes into the atmosphere, a process known
as ammonia volatilisation. This process occurs
more slowly in acidic soils than in alkaline
soils. Urine typically has a pH value of around
8 which increases soil pH in the urine patch,
so when urea in the urine patch is converted
to ammonium some of it can be volatilised as
ammonia into the atmosphere. The extent of
ammonia volatilisation from urine patches in
high-rainfall pasture soils in Western Australia
has recently been measured by Fillery as part
of the Greener Pastures project. Ammonia
volatilisation accounted for 20-30% of urinary
nitrogen in winter, for 0-5% in spring, and for
45% in early summer.

C
Losses through leaching following
nitrification

leached below the plant root zone. The exception
is that the concentration of ammonium derived
from urea in urine patches frequently exceeds
the capacity of soil to retain it, so ammonium
from urine patches is usually leached deeper into
soil by rainfall.

Soils possess both negative and positive
surface charges but there are usually many
more negative than positive surface sites.
The negative charge sites on soil surfaces are
balanced by positively charged ions, called
cations, in soil solution. The major cations are
calcium, magnesium, potassium and sodium,
with smaller amounts of other cations also
present. These cations balancing surface
charge can be replaced by other cations in
soil solution, so they are called exchangeable
cations. Ammonium is an exchangeable cation.
The Cation Exchange Capacity (CEC) of soil
is a measure of the cations balancing negative
charge sites.
Most ammonium in soil solution balances
negative charge sites on soil surfaces. Therefore,
ammonium is retained by soil rather than being

22

In all soils, ammonium is rapidly converted by
soil bacteria to nitrate by a process known as
nitrification. Like ammonium, nitrate is readily
taken up by plant roots. As ammonium is rapidly
converted to nitrate before it can be taken up
by plants, most nitrogen is taken up from soil
by plant roots as nitrate. However, nitrate is
a negatively charged ion (an anion) and is
therefore readily leached in sandy soils, because
of insufficient positively charged sites on these
soils. The number of positive charge sites varies
for different soils, so the extent of nitrate leaching
differs between soils, including sandy soils.

C

Source of nitrogen for highrainfall pastures

Denitrification
When soils are waterlogged, the oxygen in soil
solution becomes very low and soil organisms
cannot get enough oxygen for respiration.
However, when oxygen levels become too
low in waterlogged soils, some soil bacteria
can obtain oxygen from nitrate ions through a
process known as denitrification. The process
requires a readily available source of energy
for the denitrifying bacteria, derived from soil
organic matter. It results in nitrogen gases
being released into the atmosphere, including
nitrogen (N2), nitrous oxide (N2O), nitric oxide
(NO) and nitrogen dioxide (NO2). Nitrous oxide
may be a concern because it is a powerful
greenhouse gas. The rate of denitrification
varies considerably and is affected by soil pH,
soil temperature, soil moisture and other factors.
Denitrification is very slow in acid soils and is
more rapid in alkaline soils.

1. Nitrogen fixation by legumes. In
association with rhizobia bacteria in root
nodules, clover plants and other legumes
use nitrogen from the atmosphere to
make the nitrogen compounds they
require. Nitrogen is then mineralised from
the organic matter returned to soil by
clover to supply nitrogen for pasture and
other organisms growing in soil. Clover
used to be the main source of nitrogen for
most high-rainfall pastures.
2. Dairy effluent and animal urine/
manure. Many nutrients, including
nitrogen, are applied to pasture in dairy
effluent and animal urine/manure. Levels
of various nutrients can vary markedly in
these products.
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A detailed economic analysis of the Greener
Pastures data is currently being undertaken and
conclusions will be published in a future Bulletin
in this series.

1. Fertiliser. These include urea (46%
nitrogen), ammonium sulphate (21%
nitrogen and 24% sulfur) and the
ammonium phosphate fertilisers MAP
(11% nitrogen, 22% phosphorus)
and DAP (17.5% nitrogen and 20%
phosphorus). All these fertilisers are
equally effective for pasture production
per unit of applied nitrogen.

Before it is profitable to apply any fertiliser to
pasture, including nitrogen fertiliser, the following
factors may need attention:

When is it profitable to apply
fertiliser to high-rainfall pastures?
As was mentioned earlier, applying high rates of
nitrogen fertiliser to pasture is not required for
profitable milk production. Based on analyses
of data from the Greener Pastures project
undertaken so far, it seems that 0.5-1.0 kg
nitrogen/ha per day is likely to be most profitable.
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1. Soil acidification. Agriculture acidifies
soils, causing an increase in the
concentration of hydrogen ions (acid)
in soil, thus reducing soil pH. As the
concentration of hydrogen ions in soil
continues to increase, soil aluminium
starts to dissolve. Eventually, the
concentration of soluble aluminium
becomes toxic to plant roots, reducing
root growth and function, inhibiting the
ability of roots to explore soil to take
up water and nutrients from soil, and
eventually reducing pasture production.
Soil acidification can be overcome by
applying sufficient lime to raise the pH (in
calcium chloride) of the top 10 cm of soil
to 5.5 or greater.

C

Rates of nitrogen fertiliser
expressed as kg nitrogen per ha
per day

1. Poor grazing management. Many
pastures are under-grazed, when much
paddock-grown pasture is not used
for animal production but is wasted.
Such wastage can be minimised by
implementing an appropriate rotational
grazing management system. This will
ensure clover and ryegrass dominate
the pasture, and that most paddockgrown pasture is used for grazing rather
than being wasted causing pasture
deterioration.

For intensively grazed ryegrass pastures,
fertiliser nitrogen is applied after each grazing.
Days between grazing during the growing
season vary from about 20 days when it is warm
and there is no soil waterlogging, to 50 days or
more when it is cold and soils are waterlogged.
Rates of nitrogen application to these pastures
are expressed as kg nitrogen per ha per day. So
if it is decided to apply 1 kg nitrogen/ha/day and
it has been 30 days since the last grazing, then
30 kg per ha nitrogen is applied.

2. Deteriorated pastures. Under-grazing
and soil acidification both result in
pastures deteriorating to become
dominated by poorly producing species
for animal production in terms of quantity
and quality of feed. Such pastures can be
renovated by planting desirable species
such as annual and Italian ryegrasses
and subterranean clover.

Soil testing for nitrogen
Soil testing for nitrogen is not reliable. Samples
for soil testing are collected when soils are dry
between growing seasons, usually in JanuaryFebruary, and are used to indicate whether there
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Tissue testing for nitrogen

is likely to be adequate or insufficient nutrient for
pasture production in the next growing season.
Soil testing for nitrogen includes measuring
concentrations of ammonium and nitrate as well
as the total concentration of nitrogen. All three
measures provide poor predictions of whether
the soil will supply adequate nitrogen for pasture
production in the next growing season. This is
because the amount of ammonium, nitrate and
total nitrogen in soil can change markedly and
rapidly. Ammonium is normally rapidly converted
to nitrate. Depending on rainfall, various
proportions of nitrate, from none to all of it, can
be leached below the pasture root zone before it
can be taken up by the plants. As soils become
waterlogged, nitrate within or below the root
zone can be denitrified, so various proportions
of nitrate are lost to the atmosphere as nitrogen
gases.

Tissue testing can be used for diagnostic
and prognostic purposes. For diagnosis, the
concentration of nitrogen in pasture plants or
plant parts can be compared with established
critical values. If it falls below the critical range,
the plant is deemed to be deficient at the time
of sampling. Critical levels vary with seasonal,
management and other conditions, and will
change with the stage of pasture growth. Critical
ranges have to be determined experimentally for
different growth-stages of various clovers, and
annual and Italian ryegrass used in productive
high-rainfall pastures. There is currently
insufficient diagnostic data at different growthstages for pastures.
Diagnosing nitrogen deficiency is not the same
as predicting when there could be a deficiency at
a later growth-stage or predicting
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a yield response to applied nitrogen fertiliser.
These predictions are called prognosis. Much
prognostic tissue testing has been undertaken
for cropping and was not found to be very useful,
so no such studies have yet been undertaken
for pastures. The cropping work started in 1979
and used whole tops, youngest fully expanded
leaves, oldest leaves and sap measurements.
Tests included total nitrogen and nitrate nitrogen
in tissues, and sap nitrate measurements using
rapid field tests. The problem is not with the
chemical measurements, but with how to relate
these measurements to plant yield responses to
applied nitrogen.

Nitrogen losses off farm and
environmental implications
Policy makers in both Australia and elsewhere
have become increasingly concerned by the
high levels of nutrients lost from intensifying
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agricultural systems. Nitrogen has been
identified as a nutrient of particular concern
because of its increasing use, its concentration
by animals into rapidly leached urine patches,
its mobility in the environment and the potential
threat it poses to the health of both human
communities and aquatic ecosystems. The
Greener Pastures project has investigated the
scale and pathways of nitrogen and phosphorus
losses from intensively-managed dairy pastures.
Results from this work are described in another
Bulletin in this series ‘A fresh look at nutrient
losses from intensively managed pastures’.
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Further reading
More background information on nitrogen
fertiliser use on dairy farms is provided in a 2005
DAFWA publication (Staines and colleagues.
Nitrogen use on Australian dairy farms). Further
useful material can be found in the following
works:
Bolland and Guthridge. Australian Journal of
Experimental Agriculture 47, 927-941.

of Agricultural Research 54, 561-570; Australian
Journal of Agricultural Research 55, 911-920.
Fillery. Australian Journal of Experimental
Agriculture 41, 361-381.
Ledgard and colleagues. Environmental Pollution
102 S1, 515-519; Journal of Agricultural Science,
Cambridge 132, 215-225.
McGrath and colleagues. Proceedings of the
New Zealand Society of Animal Production 58,
117-120.

Clark. Proceedings of the Ruakara Farmers
Conference 49, 92-99.

McKenzie. Using Nitrogen Confidently (book).

Cowan and colleagues. Australian Journal of
Experimental Agriculture 35, 125-151.

McKenzie and colleagues. Australian Journal of
Agricultural Research 50, 1059-65; Australian
Journal of Agricultural Research 53, 1203-1209;
Australian Journal of Agricultural Research 54,
461-485.

Davison and colleagues. Australian Journal of
Experimental Agriculture 25, 505-523; Tropical
Grasslands 21, 1-8; Journal of Agricultural
Science, Cambridge 129, 205-231.
Eckard and colleagues. Australian Journal of
Dairy Technology 59: 145-148; Australian Journal
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Penno and colleagues. Proceedings of the
Ruakara Farmers Conference 48, 11-19.
Whitehead. Grassland Nitrogen (book).
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